Two continuous culture fermentation experiments were used to determine ruminal microbial fermentation in the presence of monensin (Exp. 1) or lasalocid (Exp. 2) with different dietary concentrations of Mg and K. In each experiment, eight 500-ml continuous culture fermentors were supplied with late-cut coastal bermudagrass (80%) and cellulose (20%) as substrate during five trials with two levels of Mg (.07 and .14%), K (.6 and 2.5%) and either monensin (Exp. 1; 0 and 20 mg/kg) or lasalocid (Exp. 2; 0 and 20 mg/kg) in a 2 • 2 X 2 factorial arrangement of treatments (each trial served as a replication). Substrate was added every 8 h (5 g/fermentor) for 5 d and digesta samples were collected every 2 h for 6 h and at 20 h for volatile fatty acid (VFA) analysis on d 6. In Exp. 1, monensin decreased (P<.05) the acetate:propionate ratio (A:P) from 2.98 to 2.22. A Mg X monensin interaction was observed for the molar percentage of acetate and propionate (P<.05). There was a 4.8% reduction in acetate (tool/100 mol) when monensin was fed with .07% Mg and a 12.6% decrease (P<.01) when fed with .14% Mg compared with diets not containing monensin. Propionate (tool/100 mol) increased 14% when monensin was fed with .07% Mg and 32% (P<.O01) when fed with ,14% Mg compared with diets not containing monensin. Potassium did not affect VFA concentrations in the presence of monensin or Mg. In Exp. 2, lasalocid decreased (P<.01) the A:P ratio from 3.53 to 2.86. There was a Mg • lasalocid interaction (P<.01) for butyrate (tool/100 tool). Lasalocid lowered (P<.O01) butyrate (mol/100 tool) 35% when fed with .07% Mg and 53% when fed with .14% Mg. A lasalocid X K interaction existed for propionate (P<. 10) and butyrate (P<.OS;mol/100 tool). Lasalocid increased (P<. 10) p ropionate molar proportion 30% when fed with .6% K and 41% when fed with 2.5% K compared with diets not containing lasalocid. Butyrate molar proportion decreased (P<.05) more when lasalocid was fed with 2.5% K than when fed with .6% K. These data suggest that previously reported inconsistent results with monensin and lasalocid supplementation may have been due to these ioniphores' interactions with other nutrients. Furthermore, these results suggest that the efficacy of monensin and lasalocid in altering the VFA concentrations of ruminal fermentation might be enhanced by optimizing other nutrients.
Introduction
lonophores have been used widely in the beef cattle industry to alter the energetics of ruminal fermentation. However, their interaction with other nutrients has not been well established. Lasalocid 4 fed at 200 to 300 mg/d decreased serum Mg concentrations in steers grazing pasture (Spears and Harvey, 1982) . Starnes et al. (1984) reported that monensin s reduced serum concentrations of K and Na, and increased serum inorganic P in steers. Kirk et al. (1985) reported that lambs fed 20 ppm monensin had a 52.4% improvement in Mg retention, which was brought about by an increase in the absorption of Mg coupled with less Mg excreted in the urine. Greene et al. (1986) reported that monensin may be useful in neutralizing K-related depression of Mg absorption in ruminants. They also observed a significant interaction between monensin and K for the molar percentage of acetate and propionate in the ruminal fluid of sheep. In the presence of higher K concentrations, monensin was more effective in decreasing the acetate:propionate ratio. The objective of this study .was to determine the effect of dietary Mg, K and ionophore (monensin and lasalocid) levels on the in vitro volatile fatty acids (VFA) production of ruminal microbes.
Materials and Methods
A continuous culture system consisting of eight 500-ml fermentors as described by Hegerle (1984) were used in two experiments (five 6-d trials/experiment; each trial served as a replicate) to simulate the ruminal environment. During each experiment, the fermentors were maintained at 39 C by a circulating water bath. Two, four-position magnetic stir plates were used to mix continuously the contents of each flask. Each flask was constantly infused with a modified McDougall's artificial saliva (pH=6.5; table 1) at the rate of .42 ml/min to generate a turnover rate of 1.4 times/d.
The treatment factors were two concentrations of Mg (.07 and .14%) and K (.6 and 2.5%) with 0 or 20 mg/kg for both monensin (Exp. 1) or lasalocid (Exp. 2) in a 2 • 2 • 2 factorial arrangement. The basal diet contained late-cut coastal bermudagrass hay (80%) and cellulose (20%). The basal diet provided .07% Mg and .6% K. Magnesium chloride and KC1 were used to raise the dietary Mg and K concentration to .14 and 2.5%, respectively. The basal diet was ground in a Wiley mill using a 2-mm screen.
At the beginning of each 6-d replicate trial, the fermentors were inoculated with ruminal fluid (400 ml/flask) obtained from a ruminally cannulated steer grazing bermudagrass. The ruminal fluid was strained through four layers of cheese cloth into a pre-heated insulated container, gassed with CO2 and transferred to the pre-heated fermentors within 20 min. After inoculation, the flasks were gassed with CO2 and sealed to maintain an anaerobic environment.
The flasks were supplied with 5 g of basal diet every 8 h. Before adding feed, 5 g of feed was weighed, moistened and tightly packed into an open-ended, 10-ml syringe. The feed in the syringe was injected into the fermentors. Fermentors were then gassed with CO2 and sealed. The moistened feed sank to the bottom of the fermentors and quickly mixed with the fermentor contents using the magnetic stirrers. Each replicate trial consisted of a 5-d adjustment followed by a 1-d collection period. The fermentors were fed only once on the day of collection. Samples (20 ml) were taken at 0, 2, 4, 6 and 20 h post-feeding. The pH of each sample was determined and .5 ml of 5% HgC12 solution were added to each sample. The samples were then filtered through two layers of cheese cloth and frozen for later VFA determination. Samples were prepared for VFA analysis by adding 1 ml of 25% metaphosphoric acid to 4 ml of each sample. The samples were then centrifuged at 2,000 x g and filtered through a metricel membrane filter 6. The VFA concentrations were determined by the procedure of Michio and Lund (1980) using a gas chromatograph 7.
The data were analyzed using the General Linear Models Procedure of the Statistical Analysis System (SAS, 1982) . The model for the least-squares analysis of each experiment was: replicate, Mg, K, ionophore, time postfeeding within replicate, ionophore • K x Mg and all two-way interactions. All interaction terms that were not significant at the 5% level were deleted from the model; the model without such interactions was used to make final comparisons.
Results and Discussion
The molar percentages of VFA in a continuous culture fermentation system fed different Greene et al. (1986) reported a significant interaction between added monensin and K on acetate and propionate (mol/100 mol), and the A:P ratio in ruminal fluid of iambs. They indicated that monensin was more effective at decreasing the A:P ratio in the presence of higher K concentrations. Because K decreases the ruminal absorption of Mg (Greene et al., 1983) , a higher K level may increase the availability of Mg to ruminal microbes, thereby decreasing the A:P ratio in animals fed monensin and K.
The main effects of Mg, K and lasalocid levels on VFA molar proportion (mol/100 mol) and their ratios for Exp. 2 are shown in table 4 when main effect interactions were not present. The molar proportion of acetate increased from 63.7 to 66.1%, and propionate decreased from 25.4 to 22.1% when Mg was supplemented at 9 14% compared with .07%. This was contrary to the observations of the main effects of Mg in Exp. 1, suggesting a different relationship exists between Mg and monensin, and Mg and lasalocid. The A:P and (A+B):P ratios for the 9 Mg diet were lower (P<.05) than the .14% Mg diet.
Lasalocid reduced (P<.05) the molar proportion of acetate by 3.7%, and increased the molar proportion of propionate by 35% compared with diets without lasalocid. Similar results have been reported by others (Simpson, 1978; Herod et al., 1979; Dinnis et al., 1980; Funk et al., 1986) . Supplementing with lasalocid decreased (P<.05) the A:P and (A+B):P ratios. With the exception of cation specificity, the mode of action of lasalocid is probably similar to that of monensin as proposed by Stuart and Zimmerman (1982) and Schelling (1984) . Potassium did not affect (P>.05) the molar proportions of VFA and their ratios 9 However, K supplementation tended (P<.10) to decrease acetate (mol/100 mol) and increase (P<.10) propionate (moll100 mol).
There was a Mg • lasalocid (P<.10) and a K x lasalocid interaction (P<.05) for butyrate molar proportion (table 5) . When .07% Mg diets were fed with lasalocid compared with .14% Mg, the molar proportion of butyrate decreased (P< .05) 35.2 and 53.4%, respectively, suggesting a synergism of Mg and lasalocid in decreasing ruminal butyrate. While monensin interacts favorably with higher levels of Mg (Exp. 1) to decrease acetate and increase propionate molar proportion, lasalocid did not interact with Mg These observations suggest differences in biochemical effects of these two ionophores on ruminal microbial fermentation and the concomitant effects on microbial membrane substrate flux. Furthermore, several reports on the effects of lasalocid on ruminal microbial fermentation have shown some variations in types and amounts of end-products (Beede and Faflin, 1977; Simpson, 1978; Herod et al., 1979; Owens, 1980) . These variations may be due to the interaction of lasalocid with other nutrients such as observed with Mg and K.
The basic mode of action of ionophores in the rumen is well documented (Sandeanx et al., 1982; Bergen and Bates, 1984; Schelling, 1984) . However, specific modes of action of ionophores are multi-faceted, suggesting that the interaction of ionophores with other nutrients may be of significance in understanding their specific activity in altering ruminal fermentation.
In summary, these data support the possibility that inconsistent results previously reported with monensin and lasalocid supplementation could be due to their interaction with minerals studied. Most importantly, the efficacy of ionophores in affecting the energetics of ruminal fermentation could be greatly enhanced by optimizing other nutrients such as Mg. Furthermore, the synergism among substrates in the rumen makes it necessary for nutrient interaction to be investigated actively. These observations seem to suggest that cation concentrations may be a limiting factor influencing ionophore efficacy in altering VFA concentrations in the rumen.
Currently, this work has isolated interactions of monensin or lasalocid with cations, and suggests the importance of cation flux across microbial membranes and its significance to anaerobic fermentation.
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